FUNZIONI ESSUDATO INFIAMMATORIO ACUTO 



- La presenza di fluido e di sali può diluire o tamponare tossine prodotte localmente 
nell'area del danno tissutale, diffondere nell'area glucosio ed ossigeno, diffondere i 
mediatori del processo infiammatorio. 

- La fibrina forma una rete in grado di delimitare i microrganismi impedendone la 
diffusione. 

- Le immunoglobuline ed alcuni componenti del complemento attivato determinano 
l'opsonizzazione dei microrganismi. 

- L'essudato viene riassorbito dai vasi linfatici agevolando il trasporto degli 
antigeni ai linfonodi (risposta immunitaria specifica). 




LOCALIZZAZIONE ESSUDATO INFIAMMATORIO ACUTO 



• Può infiltrare il tessuto 

• Può localizzarsi in cavità neoformate (ascesso) 

• Può versarsi in cavità preformate (= empiema, p.es nella cavità 
pleurica, cavo pericardico, peritoneo, sinovie, spazi meningei, nei 
ventricoli cerebrali); oppure in organi cavi (colecisti, vescica, intestino); 
oppure rimanere localizzato sulla superficie di una mucosa o sierosa; 

• può creare canali comunicanti con l'esterno; 

• Può mettere in comunicazione due cavità preesistenti (fistola) 




COMPOSIZIONE ESSUDATO INFIAMMATORIO 



ACUTO 



Fluido: contenente sali ed elevate concentrazioni di proteine, qualitativamente 
simili a quelle del plasma (complemento, immunoglobuline, fibrina). Contiene 
molte altre sostanze (aminoacidi, polipeptidi, acidi grassi, prodotti secreti dalle 
cellule). In molti casi contiene prodotti di scissione del collageno. Contiene i 
mediatori dell'infiammazione derivati sia dal plasma che dalle cellule 

Cellule: Granulociti neutrofili (principalmente) 




Tabella 9.1 Tipi di essudato. 



Infiammazione sierosa Determinata per lo più da cause fisiche, quali il calore e le 

radiazioni; nelle ustioni di II grado si forma, tra l'epider- 
mide e il derma, una raccolta di liquido che, per le sue 
caratteristiche, viene chiamato essudato sieroso. Nelle 
cavità sierose, soprattutto nella pleura, si forma un essuda- 
to siero-fibrinoso con formazione di uno strato di fibrina 

Infiammazione catarrale Si verifica a livello delle mucose; è caratterizzata da un 

essudato bianco-grigiastro, costituito prevalentemente da 
muco e da cellule epiteliali di sfaldamento degenerate o 
necrotiche. L'insorgenza di una superinfezione batterica fa 
sì che l'essudato assuma una consistenza densa e un colo- 
rito giallastro per la presenza di neutrofili: si tratta in que- 
sto caso di un essudato muco-purulento 

Infiammazione fibrinosa Determinata da vari microrganismi, quali pneumococco e 

bacillo della difterite, ma anche da sostanze chimiche. Il 
fibrinogeno, abbondantemente fuoriuscito dai vasi, trasfor- 
mandosi in fibrina dà all'essudato un aspetto particolare 

Infiammazione emorragica Determinata in prevalenza da microrganismi, quali lo strep- 

tococco o il bacillo del carbonchio. L'essudato è di colore 
rosso o bruno ed è caratterizzato da una grande abbondanza 
di globuli rossi, per le gravi alterazioni della parete dei vasi 

Infiammazione purulenta Determinata principalmente dai batteri piogeni, streptococ- 

chi e stafilococchi. L'essudato, detto pus, è ricco in leuco- 
citi e detriti di cellule parenchimali 



ANSIOFLOSOSI o FLO&OSI ACUTA 

a) modificazioni vascolari (variazioni del 
calibro dei vasi, del flusso sanguigno, dei 
componenti intravasali); 

b) modificazioni barriera sangue/ 
interstizio (fuoriuscita dai vasi di 
macromolecole plasmaticele e acqua, 
quindi essudazione ); 

c) migrazione dei 
globuli bianchi 



FIGURE 8.7 Acute infìammation as studied 
Histologic sections did not cxist; Julius Cohnheim used thiiiB p 
membranes such as rat omentum (shown here, 6 hours aftef^v* 
mild irritation by laparotomy). Top: Even with a moderiP' 
Zeiss microscope, it is virtually impossible to understand thajj 
leukocytes have escaped from the venules. Bottoni: Same fidc^L 
stained with hematoxylin and scarlet red for fat (round ree*' 
objects are fat cells). It is more obvious that there are "eoo 
cells," but how did this happen? Cohnheim solved the problen 
by using living tissue membranes. (Reprinted from Maino G 
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FIGURE 3-3 Multistep leukocyte-endothelial interactions mediating leukocyte recruitment into tissues. At sites of infec- 
tion, macrophages that have encountered microbes produce cytokines (such as TNF and IL-1 ) that activate the endothelial cells of nearby venules to 
oroduce selectins, ligands for integrins, and chemokines. Selectins mediate weak tethering and rolling of blood leukocytes on the endothelium, and 
:he shear force of blood flow causes the leukocytes to roll along the endothelial surface. Chemokines produced in the surrounding infected tissues 
Dr by the endothelial cells are displayed on the endothelial surface and bind to receptors on the rolling leukocytes, which results in activation of the 
eukocyte integrins to a high-affinity binding state. The activated integrins bind to their Ig superfamily ligands on the endothelial cells, and this medi- 
ates firm adhesion of leukocytes. The leukocytes then crawl to junctions between endothelial cells and migrate through the venular wall. Neutrophils, 
nonocytes, and T lymphocytes use essentially the same mechanisms to migrate out of the blood. 



FIGURE 11.12 

Under normal and near-normal condi- 
tions, leukocytes emerging from capii- 
laries are pushed toward the walls of 
the venules. Three mechanisms con- 
tribute. Top: In the smallest venules 
the red blood cells flow faster than 
the leukocytes, overtake them, and 
in so doing push them toward the 
wall. Center: Leukocytes reaching a 
venule from a tributary capillary are 
swept along the wall of the venule by 
laminar flow. Bottom: In conditions 
of low flow, red blood cells tend to 
aggregate into rouleaux, and these 
larger structures tend to occupy the 
center, displacing the leukocytes to- 
ward the periphery. 



TRE MECCANISMI CHE INDUCONO 
LA MARGINAZIONE LEUCOCITARIA NELLE VENULE 



Venula normale 




I globuli rossi scorrono più velocemente dei leucociti, 
li sorpassano e li spingono verso la parete 



Venula normale 





Il flusso laminare mantiene i leucociti contro la parete della venula 



Flusso lento della venula 




I rouleaux spostano i leucociti dal flusso assiale 



Adhesion molecules and activatin 
substances (chemotactic factors) 




FIG. 20.4. Leukocyte Transmigration. Following an infiammato ry stimulus, tissue-resident macrophages and other cells release inflammatory mediatore such 
as tumor necrosis factor a and interleukin-1, which induce the rapid expression of preformed P-selectin (and transcription-dependent E-selectin expression) 
on the endothelium. The interaction between selectins and their glycoprotein ligands initiates leukocyte tethering and rolling. Activation by chemokines — 
and other leukocyte activators (eg, leukotriene-B 4 or platelet-activating factor) — presented on endothelial cells causes leukocyte integrin activation, thus 
resufting in transition from celi rolling to celi firm adhesion, in view of the strength of integrin-mediated binding with endothelial immunoglobulin superfamily 
members. Leukocytes can then transmigrate through the endothelial monolayer and chemotactically move toward the inflammatory stimulus. Examples of 
adhesion molecules involved in each step are depicted. 
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(A) Structural diagrams representing P-, E- and L-selectin 
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FIG. 38-2. Selectin structure. The lectin, epidermal growth factor (EGF)-like, short consensus repeat 
(SCR), transmembrane (TM), and cytoplasmic (Cyto) domains of each selectin are shown. Serine (S), 
threonine (T), tyrosine (Y), and histidine (H) residues located within the cytoplasmic domain are indi- 
cateci. Open circles represent amino acid residues; filled circles indicate conserved cysteines. Arrow 
indicates primary site of endoproteolytic cleavage of L-selectin from the celi surface. 
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TABLE I. Major adhesion molecules importantto leukocyte trafficking and differentiation 



Adhesion molecule 



Distribution 



Binding partner 



L-selectin, CD62L 

E-selectin, CD62E 
P-selectin, CD62P 



Lymphocytes, neutrophils, eosinophils, 
monocytes 

Endothelial cells 
Platelets, endothelial cells 



PSGL-1 and sialyl 6-suIfo Lewis 

X-bearing glycoproteins (sLeX) 
CD44, sle X-bearing glycoproteins, PSGL-1 
PSGL-1 and sLeX-bearing Glycoproteins 




TABLE 38-1. Selectin ligands 



Selectin 



Ligand 



Name 



Location 



L-selectin GlyCAM-1 

sgp200 
CD34 



PLN HEV 
Lung 

Mammary epithelium 
PLN HEV 

Endothelial cells 
Hematopoietic stem cells 



MadCAM-1 



PSGL-1 
P-selectin PSGL-1 



PP HEV 
MLN HEV 

Intestinal lamina propria 
vessels 



Myeloid cells, eosinophils, 
thymocytes, lymphocytes, 
NK cells, dendritic cells 

As above 



E-selectin PSGL-1 
ESL-1 



As above 

Murine neutrophils 



GlyCAM-1, glycosylation-dependent celi adhesion molecule-1; PLN, peripheral lymph node; HEV, high 
endothelial venules; MLN, mesenterio lymph node; PP, Peyer's patches; MAdCAM-1, mucosal addressin 
celi adhesion molecule-1; Ig, immunoglobulin; CNS, centrai nervous system; PSGL-1, P-selectin glycopro- 
tein ligand-1; NK, naturai killer; ESL-1, E-selectin ligand-1; NOD, nonobese diabetic; EAE, experimental 
allergie encephalomyelitis; IBD, inflammatory bowel disease; FGF, fibroblast growth factor. 
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From Abbas, Lichtman, & Pober: Cellular and Molecular Immunology. W.B. Saunders, 1999, Fig. 12-2a box 



MIGRAZIONE DEI LEUCOCITI NELL'INFIAMMAZIONE 

Avviene prevalentemente a livello delle venule 
Adesione Instabile (rollingì: . 

- La modificazione necessaria perchè si verifichi la prima fase è quindi l'attivazione degli endoteli cui segue 
l'espressione delle selectine sulla superfìcie cellulare. I fattori attivanti l'endotelio che fanno esprimere le 
selectine sono (p.es.) : 

a) Istamina, H 2 0 2 , trombina, che provocano l'attivazione entro minuti con espressione di P-Selectine per 
secrezione dai granuli di Weibel-Palade. 

b) Citochine (TNF, IL-1, GM-CSF), o LPS, che provocano l'attivazione, dopo ore, con espressione di E- 
Selectine. 

- Le interazioni si verificano tra: 

- selectine leucocitarie e selectine endoteliali 

- selectine leucocitarie e glucidi espressi sull'endotelio (sialil-Lewis x , glicolipidi solforati, mono e 
polisaccaridi fosforilati) 

- selectine endoteliali e glucidi espressi sui leucociti (idem) 



La adesione via selectine dura poco perchè è mediata da legami deboli e perchè, dopo attivazione, le selectine 
si staccano dalla superficie dei leucociti . 
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Mechanisms of leukocyte adherence. 
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Integrins (Continued) 



Subunits 


Name 


Ligands/counterreceptors 


Functions 


Pi ai 


VLA-1 (CD49aCD29) 


Collagens, laminin 


Cell-matrix adhesion 


0C2 


VLA-2 (CD49bCD29) 


Collagens, laminin 


Cell-matrix adhesion 


a 3 


VLA-3 (CD49CCD29) 


Fibronectin, collagens, laminin 


Cell-matrix adhesion 


oc 4 


VLA-4 (CD49dCD29) 


Fibronectin, VCAM-1, MadCAM-1 


Cell-matrix adhesion; homing; T celi costimulation? 


a 5 


VLA-5 (CD49eCD29) 


Fibronectin 


Cell-matrix adhesion 


a.6 




Laminin 


Cell-matrix adhesion 


oc 7 


CD49gCD29 


Laminin 


Cell-matrix adhesion 




CD49hCD29 


9 


? 


oc v 


CD51CD29 


Vitronectin, fibronectin 


Cell-matrix adhesion 


P2 0C|_ 
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isl-u io ^LrM- 1 ) 
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adhesion; T celi costimulation? 


a M 


CD11bCD18 (MAC-1. 
CR3) 


iC3b, fibrinogen, factor X, ICAM-1 


Leukocyte adhesion and phagocytosis; 
cell-matrix adhesion 


a x 


CD11cCD18 (p150,95; 
CR4) 


iC3b; fibrinogen 


Leukocyte adhesion and phagocytosis; 
cell-matrix adhesion 


fa Ot||b 


GPIIb/llla 
(CD41CD61) 


Fibrinogen, fibronectin, von 
Willebrand factor, vitronectin, 
thrombospondin 


Platelet adhesion and aggregation 


av 


Vitronectin receptor 
(CD51CD61) 


Fibrinogen, fibronectin, von 
Willebrand factor, thrombospondin, 
fibronectin, osteopontin, collagen 


Cell-matrix adhesion 


p4 ae 


CD49fCD104 


Laminin 


Cell-matrix adhesion 


P5 0C V 




Vitronectin 


Cell-matrix adhesion 


Pe oc v 




Fibronectin 


Cell-matrix adhesion 


p 7 oc 4 


LPAM-1 


Fibronectin, VCAM-1 , MadCAM-1 


Lymphocyte homing ot mucosal lymphoid tissues 


a E 


HML-1 


E-cadherin 


Retention of intraepithelial T cells 



Abbreviations: APC, antigen-presenting celi; iC3b, C3b inactivated; ICAM, intercellular adhesion molecule; 
LFA, leukocyte function-associated antigen; MadCAM-1 , mucosal addressin celi adhesion molecule-1; 
VCAM-1, vascular celi adhesion molecule-1. Adapted from Hynes RO. Integrins: versatility, modulation, 
and signaling in celi adhesion. Celi 69:11-25, 1 992. © Celi Press. 
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1 IP AM-1 
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ICAM-1 (CD54) 


Activated 
endothelium 


Various roles in 
celi adhesion. 

Ligand for integrins 


ICAM-2 (CD102) 


esting endothelium, 
dendritic cells 


VCAM-1 (CD106) 


Activated 
endothelium 






PECAM (CD31) 


Activated leukocytes, 
endothelial celi— celi 
junctions 



[g superfamll} I VtJk 



Both componentchaìns in integrili molGculGscontribute to 
the binding site, which interacts with an Ig domain in CAMs belonging 
to the Ig superfamily. MAdCAM-1 contaìns both mucin-lìke and Ig-like 
domains and can bind to both selectins and integrins. 



Table 1 Leukocyte integrins 




Integriti 


Exprcssion 


Ligands 


LFA-1 (a L jS 2 ) 


Lymphocytcs, dendritic cells, NK cells, 
neutrophils 


ICAMs (1-5), JAM-1 


Mac-1 (a M /? 2 ) 


Neutrophils, monocytcs, macrophages, 
dendritic cells, lymphocytcs, NK cells 


ICAMs (1,2, 4), fibrinogen, 
C3bi, factor X, others 


VLA-4 faPi) 


Lymphocytes, eosinophils, monocytcs, NK cells, 
neutrophils, non-immune cells 


VCAM-1, fibronectin, JAM-2 



tapi f kt5i 


ivi a 1 n MunGSion ivioiecuies invoivGQ in LGUKOcyiG- 


LnaoinGMai ugm iniGraCuon 


"^1 


Adhesion Molecule 


Distribution 


Ligands and Counte rreceptors 


Function 


E-selectin (CD62E) 


Endothelial cells 


PSGL-1, ESL-1, CD44 S , CD43 3 


Rolling 


P-selectin (CD62P) 


Endothelial cells, platelets 


PSGL-1, PNAd 


Rolling 


L-selectin (CD62L) 


AH leukocytes except effector and memory 


PNAd, MAdCAM-1, PSGL-1, 


Rolling 




effector T cells 


E-selectin, P-selectin 




Selectin ligands 








PSGL-1 


AH leukocytes 


Ali selectins (essential for P-selectin) 


Rolling 


sLe x 


Myeloid cells, some memory T cells, HEVs 


AH selectins 


Rolling 


PNAd 


HEV, some sites of chronic inflammation 


L-selectin, P-selectin 


Rolling 


Integrìns 








^ fri MAC-1; COI WCDIBJ 


Granulocytes, monocytes, some acth/ated T cells 


ICAM-1, fibrinogen, C3b, JAM-C 


Adhesion, tra nsmig ratio n 


oUWa-IìCOIIi/COIB) 


AH leukocytes 


ICAM-1, ICAM-2, JAM-A 


Adhesion, transmigration 


OoPhcdikvcoibi 


Monocytes, macrophages, eosinophils 


ICAM-1, VCAM-1 


Adhesion 


OxfclpISD.ft; CO1 1 C/CD184 


DCs 


Fibrinogen, C3b 


Adhesion 


G*Pnvia-4| 


Most leukocytes 


VCAM-1, fibrinogen, JAM-B 


Rolling, adhesion 


oufvpAM-ll 


Lymphocytes, NKCs, mast cells, monocytes 


MAdCAM-1, fibronectin, VCAM-1 


Rolling, adhesion 


Immunoglobulin superfamily 






ICAM-1 (CDB4) 


Mosttypes of cells 


LFA-1 Mac-1, fibrinogen 


Adhesion, transmigration 


ICAM-1 (CD102) 


Endothelial cells, platelets 


LFA-1 Mac-1 


Adhesion, transmigration 


VCAM-1 (CD106) 


Endothelial cells 


VLA^ou^cxoPj 


Rolling, adhesion 


MAdCAM-1 


HEVs in PP and MLN 


ajfa L-selectin 


Rolling 


PECAM-1 


Endothelial cells, platelets, leukocytes 


PECAM-1 


Transmigration 


JAM-A 


Endothelial cells, platelets, most leukocytes 


JAM-A 


Transmigration 


JAM-B 


Endothelial cells, HEVs 


JAM-B, JAM-C 


Transmigration 


JAM-C 


Endothelial cells, HEVs, platelets, monocytes, 


JAM-C, JAM-B 


Transmigration 




DC, some T cells 







CD, cluster of differenti ation; CLA, ???; DC, dentritic celi; ESL, ???; HEV, high endothelial venule; ICAM, intercellular adhesion molecule; JAM, ???; LFA, ???; M Ad CAM, mucosal ad- 

dressin celi adhesion molecule; NKC, IV, PECAM, ???; PNAd, ???; PSGL, ???; sLe\ ???; VCAM, ???; VLA r ???. 
'CLA decorated. 
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FIGURE 3-2 Integrili activation. A, The integrins on blood leu- 
kocytes are normally in a low-affinity state. If a leukocyte comes dose 
to endothelial cells, such as when selectin-dependent rolling of leuko- 
cytes occurs, then chemokines displayed on the endothelial surface can 
bind chemokine receptors on the leukocyte. Chemokine receptor signal- 
ing then occurs, which activates the leukocyte integrins, increasing their 
affinity for their ligands on the endothelial cells. B, Ribbon diagrams are 
shown of bent and extended conformations of a leukocyte integrin, cor- 
responding to low- and high-affinity states, respectively. (B From Takagi 
J, and TA Springer. Integrin activation and structural rearrangement. Immu- 
nological Reviews 186:141-163, 2002.) 
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Box 1 1 Integrili activation 



Integri ns are 'activatable' receptors, as intracellular signalling through cell-surface 
molecules — such as G-protein-coupled receptors — is required to greatly increase 
their ligand-binding capability. The avidity of integrin-mediated adhesion should 
be considered a 'cellular' macroscopic event that is regulated by two 'molecular' 
events: integrin affinity and valency of ligand binding 116,117 . Increased integrin 
affinity corresponds to conformational changes of individuai integrin 
heterodimers, which leads to increased ligand-binding energy and a marked 
decrease in the rate of ligand dissociation. By contrast, valency corresponds to 
the density of integrin heterodimers per area of plasma membrane involved in 
celi adhesion, which can be dependent on the lateral mobility and cell-surface 
expression levels of integrins. The avidity of celi adhesion depends on shifts in 
the equilibriti m of the average affinity state and the valency of a population of 
integrins, yet fluctuations or oscillations of individuai molecules between low- 
and high-affinity states probably account for the formation and dissolution of 
bonds, which is required for complex cellular phenomena such as migration. 




Askari, J. A. et al. J Celi Sci 2009;122:165-170 





Figure 2: Integrin activation enhances avidity. A, The p? integrins of LFA-1 are normally in 
an inactive or non-ligand-binding state in wkich the integrin ectodomains are held in a bent or 
folded confomiation when the leukocytes are in circulation. B, Upon activation through 
stimulation with chemokines, the "inside-out" signaling is induced such that the binding of 
intracellular Ca 2+ and DAG to guanine-exchange factor CalDAG-GEFl triggers the activation of 
Rap 1 . In tirai, a conformational change of the cytoplasinic and transmembrane domains of the 
integrin relays to the ectodomaku increasing its ability to bind ICAM-1. C, The activation of 
Rapi leads to the rapid redistribution of integrins to the leading edge, resulting in the clustering 
of LFA-1 at immunological synapses and contributes to the increased avidity of the integrin. 




Fig. 2 GDF-15 prevents integ- 
rili activation by inhibiting Rapi 
activation. G protein-coupled 
receptor engagement leads to 
Rapi activation, which in turn 
forces the integrin in a high- 
affinity conformation. Binding 
of GDF-15 to its receptor, which 
is currently unknown, prevents 
integrin activation by inhibiting 
chemokine-induced Rapi 
activation 
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Table 17.1. Classes of Chemoattractants Produced by the Endothelium 



Class 



Example 



Example Target Celi 



Arachidonic acid metabolites 
Ether lipids 
CXC chemokines 
CC chemokines 



LTB 4 
PAF 
IL-8 
MCP-1 



neutrophils, eosinophils 
neutrophils, eosinophils 
neutrophils 

monocytes, T-cells, eosinophils 



Mucines 
(GlyCAM - MadCAM) 



Activating factor 
(chemokines) 













man 









Ligand of the 
Immunoglobulin family 
(ICAMs, VCAMs) 




Selectins 



Integrins 
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MIGRAZIONE DEI LEUCOCITI NELL'INFIAMMAZIONE 



Attivazione delle integrine 



- Si verifica durante il rolling e consiste nell'attivazione dei leucociti che diventano capaci di adesione 
stabile. 

L'attivazione consiste nel rendere le integrine atte al legame con il ligando specifico e, talvolta, 
nell'aumentarne 1' espressione quantitativa. L'attivazione delle integrine è accompagnata dal distacco 
delle selectine dalla superfìcie dei leucociti. 

- Durante questa fase anche gli endoteli si preparano all'adesione stabile aumentando l'espressione 
delle molecole appartenenti alla superfamiglia delle immunoglobuline, molecole necessarie al legame 
con le integrine. L'espressione delle immunoglobuline (specie della ICAM-1) viene attivata da TNF, 
IL-1, IL-4, IFNy, trombina, istamina, H 2 0 2 , leucotriene B 4 , chinine. 



■ Figura 1 3.20 - Cinetica di espressione di molecole ade- 
sive da parte di cellule endoteliali attivate con citochine 
infiammatorie (es. TNF, IL-1). L'espressione di P-selettina è 
molto rapida (10-15 minuti) e reversibile in circa un'ora, 
mentre la E-selettina sale gradatamente per poi ridiscen- 
dere dopo 4 ore dall'attivazione. ICAM-1 e VCAM-1 
rimangono espressi a livelli elevati per almeno 48 ore. 
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Figure 17.2. A schematic illustrating the relative abundance and cytokine regulation 
of certain endothelial adhesion molecules that are pertinent to transmigration. 




MIGRAZIONE DEI LEUCOCITI NELL'INFIAMMAZIONE 
Adesione stabile . 

- Il leucocita smette di rotolare e aderisce saldamente alla superfìcie endoteliale. L'adesione stabile è dovuta 
all'interazione tra molecole appartenenti alla famiglia delle integrine sulla superficie del leucocita, e molecole 
della famiglia delle immunoglobuline sulla superficie dell' endotelio^ 

- Le integrine sono espresse costitutivamente nei leucociti, ma devono essere attivate (aumento di affinità e 
avidità') per poter riconoscere e legarsi alla specifica immunoglobulina. 

- Le molecole appartenenti alla superfamiglia delle immunoglobuline della superfìcie endoteliale non 
sono espresse costitutivamente, ma solo dopo attivazione della cellula endoteliale. 

- Le integrine dei leucociti coinvolte nella adesione sono principalmente due (32 integrine, CDlla/CD18 
(LFA-l/o:L|32) e CDllb/CD18 (MAC-l/CR3/aM|32), e una (31 integrina [VLA4 = very late antigen (a4/ 
(31)]. 

- Le immunoglobuline dell'endotelio principalmente coinvolte nell'adesione sono: ICAM-1, ICAM-2, e 
VCAM-1. 

Le interazioni adesive tra integrine e immunoglobuline avvengono con la seguente specificità: 

- CD 1 1 a/CD 1 8 leucocitaria con IC AM 1 e IC AM 2 endoteliali 

- CD 1 1 b/CD 1 8 leucocitaria con IC AM 1 endoteliale 

- VLA4 leucocitaria con VCAM 1 endoteliale 

- Le integrine interagiscono anche con molecole della matrice connettivale tipo fìbronectina, laminina, 
con il collagene, con il fibrinogeno e con il fattore complementare C3b. 





Figure. 1. The adhesion cascade. The scanning electron 
microscope image shows a human endothelial monolayer 
treated with proinflammatory stimuli and perfused with 
human peripheral blood lymphocytes and monocytes 
at physiological flow (1.8 dyn/cm 2 ). Several unpolarized 
leukocytes have come into contact with the endothelium and 
have been captured during the rolling process. Also shown 
is a lymphocyte that has managed to firmly adhere to the 
endothelium and drastically changed its morphology from 
rounded to polarized. 
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Figure 1 The endogenous inhibitors of leucocyte adhesion. 
The recently identified inhibitors of leucocyte adhesion are 
depicted here: PTX-3 inhibiting rolling, GDF-15 that blocks 
chemokine-induced integrin activation and Del-1 that antago- 
nizes LFA-1-dependent adhesion. 
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Table 1 1 Leukocyte transendothelial celi migration 



Junctional molecule 


Leukocyte ligand 


References 


PECAM1 


PECAM1 


8 


JAM-A 


LFA 1, JAM-A (?) 


97 


JAM-B 


VLA4 


7 


JAM-C 


MAC1 


7 


ICAM2 


MAC1.LFA1 


124,125 


CD99 


CD99 


8 


CD99L2 


Unknown 


126 


ESAM 


Unknown 


92 



CD99l_2,CD99-relatecl antigen; ESAM, endothelial cell-selective adhesion molecule; ICAM2, 
intercellular adhesion molecule 2; JAM, junctional adhesion molecule; LFAl, lymphocyte 
function-associated antigen 1; MAO, macrophage receptor 1; PECAMl, platelet/endothelial- 
c eli adhesion molecule 1. 



Fig. 4 Molecular mechanisms forming a multilayered "zipper ' for 
leukocytes at endothelial junctions (modifìed from [120]). The 
combined stimulation of endothelial cells with ìnflammatory cyto- 
kines not only leads to the upregulation of Ig family members, 
such as ICAM-1 or VCAM-1, thereby promoting finn arrest of 
rolling leukocytes, but also induces a redistribution of JAM-1 
from a junctional localization to the celi surface. Together with the 
dynamic regulation of LFA-1 binding to the domain 2 of JAM-1 
by chemokines presented in the junctional vicinity, this may sup- 
port the directional entry of leukocytes into the junction and sub- 
sequent diapedesis. Further migration to the abluminal side is me- 
diateci by sequential trans-homophilic interactions of PECAM-1 
and CD99, which are less or little affected bv stimulated redistri- 
bution, of JAM-2 and possibly of JAM-1. While these interactions 
may ;ilso assist in resealing the junction following Leukocyte dia- 
pedesis, vascular endothelial cadherin is delocalized by transmi- 
grating leukocytes from the adherens junction, creating a gap for 
subsequently transmigrating cells. See text for details (abbrevia- 
tions: see Fig. 1 ) 
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Figure 17.3. A drawing illustrating the model of transmigration: The initial stippling 
indicates the initial signaling flnx, for example, elevations in intracellular calcium. 
I bis results in changes in the endothelial cells that are presumed to be important in 
facilitating transmigration. 
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FIGURE 2. Paracellular and transcellular migration 

After attaching to the endothelial surface, the neutrophil chooses whether to emigrate from the vascular space using either paracellular or transcel- 
lular routes. For paracellular migration, the neutrophil crawls along the endothelial celi surface to the intercellular junctions where it extends lamel- 
lopodia between endothelial cells, disrupting the intercellular (tight and adherens) junctions. This is followed by translocation of the entire celi 
through the inter-endothelial junctions. For transcellular migration, the neutrophil forms actin-rich podosomes that indent the subjacent endothe- 
lium. This is followed by the formation of actin-enriched projections by the endothelium that form a so-called "transmigratory cup" around the neu- 
trophil. The cup is formed through the infusions of internai membranes contributed by the lateral border recycling compartment (LBRC) and/or 
caveolae. The contribution of the LBRC requires microtubules. Despite traversing the cytoplasm of an endothelial celi, the neutrophil causes mini- 
mal vascular leak because its route is covered by a dome formed by the endothelium. 
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Figure 16.2. Pathways of leukocyte transmigration across the endothelium. To cross the vascular endothelium, leukocytes can 
take two different pathways. Adherent cells can disengage from the integrin-mediated adhesion and migrate by the paracel- 
lular route, passing through interendothelial junctions, squeezing through between adjacent endothelial cells; evidence for 
leukocytes transmigrating through the transcellular route also exist, whereby the celi will migrate across an individuai endothe- 
lial celi body. 
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Fig. 3 Endothelial membrane re organi zation during diapedesis. 
Leukocytes probe the endothelial surface emitting pseudopods/ 
podosomes (a). Once they lìnd appropriate areas for paracellular or 
transcellular diapedesis (b), effective docking structures derived from 
microvilli must embrace apically adhered leukocytes and PECAM-1 
must be relocated from the LBR comparimeli! lo leukocyte-endothe- 
lial contact areas. In paracellular diapedesis, actin-mediated celi 
contraction, and cell-cell junction disruption induce gap opening. In 
transcellular diapedesis, coordination of events described in Fig. 1 
can occasionally lead to the formattali of transcellular passages, in 
which LBR-compartment, VVOs and caveolae can potentially supply 
intracellular membranes. c Endothelial domes that encapsulate 
transmigrating leukocytes have been observed in vivo 



Figure 3 1 Tran smigra tion. Migration of leukocytesthrough venular walls involves penetratingthe endothelial-cell 
barrier and its associated basement membrane and the pericyte sheath. a | Extension of leukocyte membrane 
protrusions into the endothelial-cell body and endothelial-cell junctions is triggered by ligation of intere ellular 
adhesion molecule 1 (ICAMl) by MAO (macrophage antigen 1). Ligation of ICAMl is associated with increased 
intracellular Ca 2 * and activation of p38 mitogen-activated protein kinase (MAPK) and RAS homologue (RHO) GTPase. 
which may collectively activate myosin light-chain kinase leading to enhanced endothelial-cell contraction and 
hence opening of interendothelial contaets. These events may promote leukocyte migration through endothelial 
junctions (paracellular route). although leukocyte migration can also occur through the body of the endothelium 
(transcellular route). Transmigration through the endothelium can also induce cell-surfac e expression of members of 
the (^-integrinfamily and proteases on neutrophils and other leukocytes that may facilitate the onwards movement 
of the leukocyte through thevesselwalL b| Paracellular migration involves the releaseof endothelial-expressed 
vascular endothelial cadherin (VE-cedherin) and is facilitated by intracellular membrane compartments containing a 
pool of platelet/endothelial-cell adhesion molecule 1 (PECAMl)and possi bly other endothelial-cell junctional 
molecules. such as junctional adhesion molecule A (JAM-A). Other molecules involved in paracellular transmigration 
are endothelial cell-selective adhesion molecule (ESAM). ICAM2 and CD99. c | Transcellular migration occurs in 'thin' 
partsof the endothelium. and thereforethere is lessdistance fora leukocyte to migrate. ICAMl ligation leadsto 
translocation of ICAMl to actin- and caveolae-rich regions. ICAMl-containing caveolae link together forming 
vesiculo-vacuolar organelles (WOs) thatforman intracellular channel through which a leukocyte can migrate. 
Ezrin. radixin and moesin (ERM) proteins could act as linkers between ICAMl and cytoskeletal proteins (such as actin 
and vimentin). causing their locai ization around the channel. thereby providing structural support for the celi under 
these c onditions. d | Migration through the endothelial basement membrane and pericyte sheath can occur through 
gaps between adjacent pericytes and regions of low protein deposltion within the extracellular matrtx. This response 
can be facilitated by aj^-integrin and possibly proteases. such asmatrix metalloproteinases(MMPs) and neutrophil 
elastase (NE). ERM. ezrin. radixin and moesin: LFAl.lymphocytefunction-associated antigen 1. 



FIGURE 11.21 
Margination of a 
neutrophil (A) 
followed by 5 
stages of 
diapedesis (B— 
F). In BandC 
the emigrating 
neutrophil is tem- 
porarily held up 
by the basement 
membrane. In D 
and E the emi- 
grating cells are 
monocytes. In F 
the neutrophil 
has reached the 
extravascular 
space. The rea- 
son for the high 
electron density 
of the neutro- 
phils is not 
known. From the 
inflamed 
omentum of a 
rat. Bars = 2 
/xm. 




MIGRAZIONE DEI LEUCOCITI NELL'INFIAMMAZIONE 



FASE 4. 

- L'adesione stabile mediata dalle integrine porta ad una "eccitazione" del leucocita con meccanismi di 
trasduzione che coinvolgono citoscheletro, attivazione di tirosin chinasi con fosforilazione di proteine in 
tirosina, produzione di radicali liberi dell'ossigeno per attivazione della NADPH ossidasi, e secrezione di 
enzimi e di altre molecole biologicamente attive e ad azione proinfiammatoria. 

- Questo stato di attivazione è essenziale per la migrazione. Esso provoca l'appiattimento del leucocita sulla 
superficie endoteliale (spreading), l'emissione di pseudopodi e lo scivolamento verso le giunzioni. 
Arrivato in corrispondenza delle giunzioni tra le cellule endoteliali, il leucocita inizia l'attraversamento della 
parete vasale. 

- Lo stato di attivazione del leucocita, prodotto dalla adesione mediata da integrine, è inoltre responsabile del 
distacco del legame integrine-immunoglobuline (probabilmemte attraverso l'aumento del calcio 
intracellulare), che è essenziale per consentire il movimemto del leucocita attraverso la parete vasale. 
L'aumento del calcio intracellulare favorisce anche la funzione dell'apparato contrattile cellulare e il 
movimento. 

- La trasmigrazione attraverso la parete vasale è favorita dalla presenza sulle superfici della giunzione di una 
immunoglobulina (PECAM-1). Questo PECAM-1 legando uno specifico recettore sul leucocita funziona come 
"guida molecolare" per il passaggio e per il movimento. Il passaggio è inoltre favorito dal fatto che il legame 
del PECAM attiva l'endoteliocita provocandone l'aumento del calcio intracellulare, la contrazione e quindi 
l'allargamento delle giunzioni. 

- Il passaggio attraverso la parete è facilitato anche dalla secrezione di enzimi litici sul fronte del leucocita 
che avanza nella giunzione, e dall'aggancio a molecole della membrana basale (procollageno, collageno, 
laminina, ecc). 
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Figure 1 1 The updated leukocyte adhesion cascade. The originai threesteps are shown in bold: rolling, which is 
mediated by selectins, activation, which is mediated by chemokines, and arrest, which is mediated by integrins. Progress 
has been made in defining additional steps: capture (or tethering), slow rolling, adhesion strengthening and spreading, 
intravascular crawling, and paracellular and transcellular transmigration. Key molecules involved in each step are 
indicated in boxes. ESAM, endothelial cell-selective adhesion molecule; ICAMl, intercellular adhesion molecule 1; 
JAM,junctional adhesion molecule; LFAl, tymphocyte function-associated antigen 1 (also known asoc L p 2 -integrin); 
MACl,macrophageantigen 1; MADCAMl,mucosalvascular addressincell-adhesion molecule 1; PSGLl, P-selectin 
glycoprotein ligand 1; PECAMl, platelet/endothelial-cell adhesion molecule 1; PI3K, phosphoinositide 3-kinase; 
VCAM1, vascular cell-adhesion molecule 1; VLA4, very late antigen 4 (also known as a (3 -integrin). 



Prove del ruolo delle molecole di adesione 



(a) Inibizione di legame con ligandi specifici in modelli in vitro 

(b) Inibizione della migrazione usando anticorpi monoclonali in 
modelli sperimentali in vivo 



Table 17.4a. Chemotactic Transmigration: Inhibition by Blocking Antibodies 

Molecule Neutrophils Monocytes T-cells Eosinophils 

CD18 + + + + + 

ICAM-1 + + + 

CDlla 

CDllb - (in vivo) 

VLA-4 + (in vivo) +— (in vivo) 




FIG. 1 Rat with dorsal window chamber, and jugular catheter. (Color version of figure is available online.) 




Cigdem Unal , Cenk Sen , Deniz Iscen , Hakki Dalcik 

In Vivo Observation of Leukocyte-Endothelium Interaction in Ischemia Reperfusion Injury With the Dorsal Window Chamber and the 
Effects of Pentoxifylline on Reperfusion Injury 

Journal of Surgical Research Volume 138, Issue 2 2007 259 - 266 





Fig.?l Schematic of the experiment protocol. A post-capillary venule in the exteriorized rat mesentery was selected for intravital 
microscopie observation. An upstream branch was cannulated with a micropipette for perfusion with Alexa labeled BS-... 



Lujia Gao , Herbert H. Lipowsky 

Composition of the endothelial glycocalyx and its relation to its thickness and diffusion of small solutes 
Microvascular Research Volume 80, Issue 3 2010 394 - 401 



FIG. 2 Acridin orange stained leukocytes in the postcapillary venules-%0.9 NaCl administration (?200 magnifìcation, intravital 
fluorescence microscopy). (Color version of figure is available online.) 



Cigdem Unal , Cenk Sen , Deniz Iscen , Hakki Dalcik 

In Vivo Observation of Leukocyte-Endothelium Interaction in Ischemia Reperfusion Injury With the Dorsal Window Chamber and the 
Effects of Pentoxifylline on Reperfusion Injury 

Journal of Surgical Research Volume 138, Issue 2 2007 259 - 266 



Prove del ruolo delle molecole di adesione 

(c) K.O. mice 




The le ft panel shows vessels (postcapillary venules) in a wild-type mouse with transmigrated neutrophils 
outside the vessels (neutrophils are green; vessels are red) 3 hours after initiating inflammation. The right 
pane/shows vessels in a CD18 knockout mouse. Neutrophils are unable to migrate out of the vessels at this 
time and accumulate within vessels atthe inflammatory site. 



Table 18.1. Gene Targeted Mutations in Inflammatory Proteins 



Mutant Strain 



Major Inflammatory Phenotype(s) 



References 



P-selectin 



E-selectin 



QJ 



Inhibition of acute leukocyte rolling, 

trophil emigration 

Inhibition of atherosclerotic lesion 
formation 

Reduced neutrophil adhesion and/ 
or injury during ischemia- 
reperfusion 



Increased severity of immune com- 
plex-mediated glomerulonephritis 

Absence of slow leukocyte rolling, 
reduced firm adhesion 

Increased susceptibility to systemic 
Streptococcus pneumoniae infection 



E-/P-selectin 



Increased susceptibility to mucocuta- 
neous infections, absence of acute 
leukocyte rolling and emigration 

Reduced DTH response 



L-selectin 


Inhibition of acute leukocyte rolling 




and emigration, impaired lympho- 




^^t^ioming^ 




Decreased mortality following LPS 




administration 




Reduced delayed-type contact hyper- 




sesitivity response (DTH) 



Mayadas et al., 1993 
Bullard et al., 1995 
Ley et al., 1995 

Johnson et al., 1997 
Nageh et al., 1997 

Horie et al., 1997 
Naka et al., 1997 
Sun et al., 1997 
Kanwar et al., 1998 
Zibari et al., 1998 
Scalia et al., 1999 

Rosenkranz et al., 1999 

Kunkel & Ley, 1996 
Ley et al., 1998 
Milstone et al., 1998 

Munoz et al., 1997 

Arbones et al., 1994 
Ley et al., 1995 
Tedder et al., 1995 

Tedder et al., 1995 

Tedder et al., 1995 
Catalina et al., 1996 
Xu et al., 1996 

Bullard et al., 1996 
Frenette et al., 1996 

Staite et al., 1996 



Table 18.1.— Continued 



Mutant Strain 


Major Inflammatory Phenotype(s) 


References 




Inhibition of atherosclerotic lesion 


Dong et al., 1998 




formation 






Impaired wound healing 


Subramaniam et al., 1997 


ir A AA 1 
lLAM-1 


In Vìi r\ìti/~»n di ciri'xtf* T\f*v\t(\Yìf*'^\\ tipii- 
111111U1L1U11 Ul d-LUlC UCllUJllCal 11CU 


Slìo-h pt al 1Q93 

OHU11 CI di., IZ/ZJO 




trophil emigration, reduced DTH 


Xu et al., 1994 




response 






Tl^r r/^'^c^H mortali tv fnllnwino - linn- 
1JCL1 Cd.l>CLl 111U1 LctlllY lUlllJWlllti 11LHJ 


Xn pt al 1994 

AU CI eli., IJiM 




polysaccharide (LPS) administration 






Reduced neutrophil adhesion and/ 


Connolly et al., 1996 




or injury during ischemia- 


Kelly et al., lyyo 




repei iusion 


& t il 1 QQh 

sonano ei ai., ìytJO 
Horie et al., 1997 
Kitagawa et al, 1998 




Reduced incidence of collacen- 

lwv.iUvVvA il Avalvi v^liv^v^ vi v^vyiiciciv^ll 


Bullard et al 1996a 




induced arthritis 






Inhibition of atherosclerotic lesion 


Nageh et al., 1997 




formation 






Inninitmn <\\ Grl^ìm^riilon^nViritis 
111111U1 UUll v/l ^IVJIIICI LllwllCUlll 1115 


Rnllard pt al 19Q7 

DUllcxlLl CI al. , IZ/Zf i 




and vasculitis during murine lupus 


Lloyd et al., 1997 




Increased severity of disease during 


c.,.^ * r, ì inno 
òamoilova et al., lyyo 




experimental allergie encephalomye- 






litis (EAE) 




CD1R Nuli 

\AJ IO 1\ (Iti 


Tnrr^'-jei^H ìnTf^ptifiim vi ì tir* feriti ni li tv 

11 ILI CclftCLl 1I11CL11U11Ò ollaLCUUUlll IV , 


Inno- pt al 1QQ8 

1 LAI li' CL «II., LZJZH3 




inhibition of leukocyte fìrm 


Scharffetter-Kochanek et al., 1998 




adhesion 






Inhibition of acute neutrophil emi- 


Mizgerd et al., 1997 




gration in skin 




CDllb(Mac-l) 


Reduced phagocytosis and homo- 


Lu et al., 1997 




typic aggregation 


Coxon et al., 1996 




Reduced leukocyte fìrm adhesion 


Coxon et al., 1996 




RpHnrpd isrhpiriia— rpnprfiision 


Soriano et al 1999 




injury 




a) Ila (UA-1) 


Inhibition of acute peritoneal neu- 
trophil emigration 


Schmits et al, 1996 




Tabi e 2 | Leukocyte transmigration in knockout mice of key endothelial celi junctional molecules 



Mouse str airi 


Inflammatory model 


Leukocyte transmigration response 


References 


Pecaml^- 
(C57BI/6 strain) 


Peritonitis: induced by locai thioglycollate 


Normal neutrophiland monocyte infiltration but indications 
of neutrophil arrest at the level of the basement membrane 


127 




Airpouch model: induced by locai 

1 _1 H Nf/inn\//A^nm ìc n i iroi i c Tnn III "ì. 
IL _ ip, OlUpiiyiULVLL Ub UuTtrUo di IO LLLj 


Normal neutrophil infiltration 






Stimulated cremaster muscle 


Transient reduced leukocyte transmigration through 
ine DaScmciii memorane as inouctro oy il ip dui noi i in r 


128 




F AF 
lAl 


Early increased CNS infiltration of leukocytes 


1 9Q 


Pecaml v ~ 
fFVB/N strain) 

II V \~- ■ 1 i Jll vili II 


Peritonitis: induced by locai thioglycolla te 


Reduced neutrophil and monocyte infiltration 


130 




Croton oil- induced dermatitis 


Reduced leukocyte infiltration 




Pecaml^' 

\\-J\Jr\l i. oli Ci II \j 


Collagen-induced arthritis 


Loss of suppressive effect of PECAM 1 on T-cell activation 

VJLII II ILI LIIjCCOvT LM I3CI 


131 


Imrti 

1 LUI 1 IZ. 


I i inn ^llprnip infl^rnm^l'ion 

LUI IL) CUlvTI Lj 1 L Il 1 1 lui III 1 lu L IL'I 1 


ripl^v/^rl É*r»^innr*hil infiltr^1"ir»n in 1"h^» ^ir\A/AV/ li im^n 

L-'vr lei y "LI vr Lo 1 1 1 L' IJ 1 1 1 1 1 1 1 1 II L 1 u L 1 U 1 1 III L 1 1 " Ci 1 1 W ay ILI 1 1 ICI 1 


132 




reriionius. iiiouceo oy locai iL-ip, 
TN F or thioglycollate 


W ri i i n^i i+rYM"* r» il i r\T litro ìr\/"ii i/^^/H r*/ Il _1 H r\t i+ r*/ r vt" 

ixcuuLctJ iieuiropnii iiiiiiuaiiori inouceo oy iL-ip oui noi 
thioglycollate orTNF 






Stimulated cremaster muscle 


Reduced leukocyte transmigration (but not adhesion) 
induced by IL-lpbut notTNFasobserved by IVM 






Peritonitis: induced by locai thioglycollate 


Reduced neutrophil infiltration 


134 




Heart ischemia 


Reduced neutrophil infiltration 


134 




1 ICTL/allL 1 si' _ 1 1 C 1 1 II 'J 


RpHiitaH n^iitrnnhil infiltr^tinn 

lAvrULIL vTLI I I vT LJ L I LI I I 1 1 1 1 1 1 1 1 1 1 CI 1 1 L' 1 1 


135 


Esarn^' 


Delayed-type hypersensitivity reaction 
Peritonitis: thioglycollate-induced 


Normal T-cell infiltration 
Delayed neutrophil infiltration 


92 




Peritonitis: induced by co-injection of locai 
IL-land CCL19 


Reduced neutrophil but not lymphocyte infiltration 






Stimulated cremaster muscle 


Reduced leukocyte transmigration (but not adhesion) 
induced by 1 L- 1 (3- orTNFasobserved by IVM 





CCL, CC-chemokine ligand; CNS, centrai nervous system; EAE, experimental autoimmune encephalomyelitis; ESAM, endothelial cell-selective adhesion molecule; 
ICAM2, intere ellular adhesion molecule 2; IL, interleukin; IVM, intravital microscopy; JAM, junctional adhesion molecule; PECAM 1, platelet/endothelial-cell 
adhesion molecule 1; TNF, tumour-necrosis factor. 



